Background: The purpose of our study was to quantify the dimensions of a surgically safe zone along the proximal part of the radius, from the posterolateral aspect.
The lateral 3 , lateral J (Kocher J) 3 , and posterolateral 3, 5 approaches to the elbow are often used to expose the proximal part of the radius and the elbow joint in the management of fractures, arthritis, or contractures. While the surgical approaches and anatomy have been well described, and it is known that forearm pronation moves the posterior interosseous nerve distally along the posterolateral aspect of the radius, specific guidelines for safe exposure of the proximal portion of the radius have not been clearly delineated 1, 2, 4, [6] [7] [8] [9] [10] [11] [12] [13] [16] [17] [18] [19] . The posterior interosseous nerve, known to be at risk during this exposure, crosses obliquely through the surgical field from proximal and anterior to distal and posterior. Surgeons have been advised to pronate the forearm to increase the safety of this exposure by allowing the posterior interosseous nerve to lie in a more anteromedial position 5, 11, 16, 17 . Previous studies have quantified the relationship of the posterior interosseous nerve to the proximal part of the radius from an anterior perspective 4, 9, [11] [12] [13] . However, there is little data describing the position of the posterior interosseous nerve with respect to the proximal part of the radius and the elbow joint from a lateral perspective. The purpose of this study was to quantify the relationship of the posterior interosseous nerve to the head and proximal part of the shaft of the radius in order to establish a safe zone for the posterolateral approach to the elbow.
Materials and Methods
Thirty-two fresh cadaveric upper extremities from individuals who were an average of seventy-seven years old at the time of death were dissected. There were twelve right and twenty left upper extremities from fourteen men and eighteen women. All forearms could be passively rotated between 80 and 90 degrees of pronation and supination, and all had full flexion and extension of the elbow. A posterolateral approach to the proximal part of the radius and the elbow joint was performed through the interval between the extensor carpi ulnaris and anconeus muscles 3 . In each limb, the posterior interosseous nerve was exposed proximally as it entered the supinator muscle and distally as it exited the supinator before arborizing into its terminal branches. The superficial layer of the supinator was incised over the posterior interosseous nerve, leaving the deep layer undisturbed.
In each specimen, the distance from the most distal aspect of the capitellar surface to the point at which the posterior interosseous nerve crossed the midpoint of the width of the radius was measured with precision calipers (number 505-637; Mitutoyo, Tokyo, Japan). Measurements were to the nearest 0.001 inch (0.0254 millimeter) and were converted to millimeters. The angle formed by the posterior interosseous nerve and the longitudinal axis of the radius was measured with a handheld goniometer. Measurements were performed with the forearm in full supination and pronation (Figs. 1-A and 1-B). The first three specimens were studied with the elbow in 0, 45, and 90 degrees of flexion to determine if elbow position had any influence on the measurements. The remaining measurements were made with the elbow in 90 degrees of flexion, a typical position of the elbow during this surgical approach 5 . To allow for the comparison of forearms of differing lengths, each radius was measured from the radiocapitellar joint to the tip of the ra-*No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. No funds were received in support of this study.
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Results
With the forearm in full supination, the posterior interosseous nerve crossed the midpoint of the long axis *The values represent the numbers of cadavera rather than the average. Photographs of a cadaveric specimen of a left arm, showing the posterior interosseous nerve (large arrowhead) with the forearm in full supination ( Fig. 1-A) and full pronation ( Fig. 1-B) . The radiocapitellar joint (small arrowhead) is proximal and to the right. The top of each photograph is anterior.
of the radius at an average (and standard deviation) of 33.4 ± 5.7 millimeters (range, twenty-two to forty-seven millimeters) from the radiocapitellar articulation. With the forearm in full pronation, this distance increased to an average of 52.0 ± 7.8 millimeters (range, thirty-eight to sixty-eight millimeters). Flexion and extension of the elbow had no effect on these distances. The average radial length was 229.2 ± 14.7 millimeters (range, 208 to 259 millimeters). An average of 14.5 ± 2.0 percent (range, 10 to 19 percent) of the radius could be safely exposed proximally with the forearm in supination, and this average increased to 22.7 ± 3.0 percent (range, 17 to 27 percent) with the forearm in pronation. The angle formed by the posterior interosseous nerve and the long axis of the radius decreased from an average of 47.4 ± 6.8 degrees (range, 32 to 69 degrees) with the forearm in supination to 27.8 ± 6.7 degrees (range, 18 to 50 degrees) with the forearm in pronation (Table I) . Thus, the posterior interosseous nerve becomes more parallel to the long axis of the radius with forearm pronation. 
Discussion
The posterior interosseous nerve moves medially as much as one centimeter with forearm pronation 8, 15, 16 . This effect occurs in the coronal plane and is more useful when a surgeon is approaching the proximal part of the radius anteriorly. When a posterolateral approach to the elbow is performed, pronation of the forearm rotates the supinator and extensor muscles from a posterior to a relatively more anterior position, placing the posterior interosseous nerve more parallel to the radial shaft. By assuming this more parallel course, the posterior interosseous nerve is less likely to be injured during longitudinal sharp or blunt dissection (Figs. 2-A  through 3-B) .
Exposure of the head, neck, and proximal part of the shaft of the radius is frequently necessary when fractures are treated with open reduction and internal fixation 14 . The commonly used three-hole mini T-plate (Synthes, Paoli, Pennsylvania) is thirty-two millimeters in length. Proximal radial exposure with the forearm in pronation would have allowed safe placement of this device in all of the cadavera in the present study. However, forearm supination would have placed the posterior interosseous nerve at risk in most of our specimens.
Osseous landmarks can be distorted when the radial head is fractured or dislocated. Since the posterolateral approach to the elbow is often used to treat these injuries, our measurements were based on the capitellar surface rather than on the radial head. Provided that the capitellum and the lateral column of the distal part of the humerus are intact, it is possible to accurately estimate the distance between the point at which the posterior interosseous nerve crosses the radial shaft and the most distal portion of the capitellum without relying on the radial head.
It is our belief that the posterior interosseous nerve should be formally exposed and protected in any setting (trauma, posttraumatic reconstruction, tumor excision, and so on) in which the surgical dissection must be performed in proximity to the nerve as predicted by our measurements. The posterior interosseous nerve can be identified distally as it exits from beneath the supinator muscle, between its superficial and deep portions, and traced proximally back to the surgical zone to augment safety 10, 11 . The posterior interosseous nerve has been shown to enter and exit between the superficial and deep layers of the supinator at an average of 2.5 ± 0.3 centimeters and 6.0 ± 0.9 centimeters from the radiocapitellar joint, respectively 11 . Our measurements should assist surgeons in operating more safely in the area of the proximal part of the radius, especially during complex trauma or revision surgery in which anatomical landmarks may not be as easily visualized.
